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ABSTRACT 

Background and Objective: The beneficial effect of cassava processing effluents and 

solid waste materials on plants is generating scientific interest in researches, and 

this issue continues to draw significant attention specifically in maize plant, 

therefore this study is focused on the beneficial implications of cassava waste 

peels on the growth parameters, biomass activity and soil analysis of maize seeds. 

Materials and Methods: Maize seedlings (Zea mays) were purchased from uselu 

market in Benin City, Edo state, Nigeria. The seedlings were sorted, cleaned and 

tested for viability using the method of floatation. The soil samples for planting 

the maize were collected from five (5) different points (A, B, C, D and E) close to a 

local cassava mill. The maize plants were grown for four weeks and subjected to 

the same atmospheric condition in the green house located in the premises. 

Laboratory analysis on the growth parameters, biomass activities and soil 

analysis were carried out each week for a period of four (4) weeks on the growing 

maize plants of the various soil samples. Results: Results obtained recorded 

significant changes (p>0.05) in the growth parameters (Plant height, Number of 

leaves, Leaf width, Leaf length, Shoot length, Root length and Girth), biomass 

activities and soil analysis between the various groups during a period of four (4) 

weeks. Conclusion: It is believed that the effluent from cassava processing 

site/plant when discharged on agricultural land causes biological and 

physiochemical changes as well increase in growth rate and biomass activities 

which are beneficial to the soil. 
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INTRODUCTION 

Nigeria is by far the largest cassava (Manihot esculanta crantz) producing nation in 

the world with approximately 45 million tons in 2009, which was almost 19% of 
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production in the world (Adekanye et al., 2013). Cassava is the cheapest source of carbohydrate presently, and majority of the 

tubers are processed into food such as garri, fufu, tapioca, starch, lafun with limited availability for industrial use (Nweke et al., 

2002). Processing of cassava before consumption is a means of detoxification, preservation and modification due to the presence of 

toxic cyanogenic glucosides which is a potential for the production of poisonous hydrogen cyanide (HCN) (Oyewole, 1991). 

Linamarin, a cyanogenic glucoside present in cassava roots when hydrolyzed, produces hydrogen cyanide and acetone. The basic 

processes involved in processing of cassava to garri includes; sorting, peeling and washing, grating, de-watering and fermenting, 

granulating, roasting, sieving and packaging. During cassava processing, large amounts of liquid (cassava processing effluent) and 

solid (cassava waste peels and some discarded tubers) residues are generated (Cumbana et al., 2007). In Nigeria alone, about 20-30% 

of cassava peels are generated from cassava tuber processing every year, most of which become solid municipal wastes  (Adesanyan 

et al., 2008). Cassava processing is generally considered to contribute significantly to environmental pollution which poses great 

challenges to the environment (Obueh and Odesiri-Eruteyan, 2016). The peels contain large amounts of cyanogenic glucoside that 

may cause surface water and soil pollution if stored under rain (Vetter-János, 2000).  

Maize (Zea mays) ranks one of the major staple foods in Nigeria as a result of it high production rate in corn, ethanol, animal 

feed and other maize products. It is extensively grown in areas where cassava is cultivated as a method of intercropping which 

makes the plant susceptible to soil contaminated by cassava processing waste products  (Olorunfemi et al, 2008). The beneficial effect 

of cassava processing effluents and solid waste materials on plants is generating scientific interest in researches, and this issue 

continues to draw significant attention specifically in maize plant. Thus this current study is therefore focused on the biological 

implications of cassava waste peels on the growth parameters, biomass activity and soil analysis of maize seedlings. 

 

MATERIALS AND METHODS 

Study Location  

The planting activity was carried out at the green house premises of Metro Research and Biotechnology Africa in Benin City, Edo 

state, Nigeria. The region experiences moderate rainfall and humidity for most part of the year. The climate is marked by two 

distinct seasons; the dry season and the rainy season. The natural vegetation is dense tropical rain forests with swamp forests in 

some areas and also it is characterized by tropical equatorial climate with mean annual temperature of 32.8oC and annual rainfall of 

about 2673.8mm. 

 

Preparation of Maize (Zea mays) Seeds 

Maize seedlings (Zea mays) were purchased from uselu market in Benin City, Edo state, Nigeria. The seedlings were sorted, cleaned 

and tested for viability using the method of floatation. The seeds were placed in water for 5 minutes after which they were collected 

and used for the experiment, while the seeds that remained afloat were discarded. The viable seeds were then stored in polythene 

bags in the laboratory and used within few days of collection. 

  

Soil Sampling 

The soil samples to be used in planting the maize were collected from five (5) different points close to a local cassava mill located at 

Sapele road, Benin-city, Edo state. The different points of collection include; where cassava peel waste are heaped (A) , 10m south 

(B), 10m east (C), and 10m west (D)  away from the first point of collection (A). This is in order to examine how cassava peels might 

have affected the soil quality at different points of the environment. Control soil sample (E) was collected 100 meters away from the 

point of cassava peels heap (A). All soil samples were collected from the location at a depth of 20 – 25cm and handpicked in order to 

get rid of large particles and debris and also to obtain a homogenous mixture, the soil were mixed thoroughly. The representative 

samples were thereafter loaded in well labeled large plastic buckets, properly covered and transported to the laboratory for analysis 

and planting. 

 

Experimental Design 

Cultivation/Planting 

Viable maize seedlings were cultivated in perforated polythene bags containing 4kg of soil samples. A total of 50 bags were used 

with each soil sample having 10 bags each. Five (5) different groups of soil samples (A,B,C,D and E) were represented with seven 

(7) seeds in each planted in a depth of 1 – 2cm and well watered daily with about 100 – 300ml of water throughout the period of the 

experiment depending on the texture of the soil. The maize plants were grown for four weeks and subjected to the same 

atmospheric condition in the green house located in the premises. Laboratory analysis on the growth parameters, biomass activities 

and soil analysis were carried out each week for a period of four (4) weeks on the growing maize plants of the various soil samples. 
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Mode of Data Collection of Growth Parameters 

The following growth parameters were measured; 

 Plant height 

 Shoot length 

 Number of Leaves  

 Leaf length 

 Leaf width 

 Area of leaf  

 Shoot girth  

 Root length 

 

Data collection of growth parameters was carried out at the end of every week within the four (4) weeks of growth of the maize 

(Zea Mays) plant. Number of leaves was determined by merely counting the leaves on each plant. With the aid of a metre rule, the 

longest part of each leaf was measured as leaf length, while the widest part was measured as leaf width. Shoot length was 

determined by measuring from the base to the point of attachment of the leaf to the plant. Plant height was measured from the base 

to the highest point of the plant and shoot girth was measured with the aid of a thread tied around the shoot and placed on a metre 

rule. Lastly, the root length of every plant after each week’s harvest was also measured with the aid of a metre rule placed from its 

highest point of attachment to the shoot to the longest root.  

 

Leaf area (cm2) of individual leaves was calculated as follows; 

A = 0.75 × L × W for fully expanded leaves 

A = 0.5 × L × W for expanding leaves 

Where, 0.75 and 0.5 are constants; L- Leaf length (cm); and W- Leaf width (cm). 

The individual leaf areas per plant were summed up to get the total leaf area per plant (Lionel and Sylvain, 2008). 

 

Determination of Plant Biomass 

The biomass was obtained by summation of the dry weight of the individual plants after oven drying at 105o C to obtain a constant 

weight for each group. Biomass content was expressed in grams (g) (Ubani et al., 2017).  

 

Soil Analysis 

Soil pH 

About 10g of air dried fine soil was weighed into a 50ml beaker. Exactly 20ml of distilled water was added. This mixture was stirred 

for 30 minutes intermittently. The content was allowed to stand for a while. The pH was then read using a pH meter that was 

standardized with a buffer at pH 4.0 (Jackson, 1962). 

 

Total carbon and Organic Matter Determination (Wet oxidation method) 

This was determined using the method described (Walkley, 1947). This procedure measures the active or decomposable organic 

matter and carbon in the soil. The carbon in plant residues and humus is oxidized but the carbon present as graphite or charcoal is 

not oxidized. From 90-95% of total carbon is oxidized and measured using this procedure.  

In the determination of total carbon and organic matter, carbon is oxidized by potassium dichromate (K2Cr2O7) in the presence 

of sulphuric acid (H2SO4) leading to the formation of carbondioxide (CO2) according to the equation given shown below; 

 

2 K2Cr2O7 + 8H2SO4                                           2K2 SO4 + 2Cr2 (SO4)3 + 8 H2O+ 3O2 

3C + 3O2                                                        3CO2 

 

While organic carbon is oxidized, K2Cr2O7 is reduced. The amount of oxygen consumed during the oxidation of organic carbon 

is calculated from the difference between the amount of potassium dichromate (K2Cr2O7) taken and the amount remaining after 

oxidation which is determined by titration with 0.5N ferrous sulphate in the presence of ferroin indicator  (Walkleey and Black, 

1934).  Air-dried soil sample (1.0g) was weighed into 250ml conical flask, and then 10ml of 0.5N potassium dichromate (K2Cr2O7) 

solution was added. The mixture was swirled for proper mixing and 15ml of concentrated sulphuric acid (H2SO4) was added 



SCIENCE & TECHNOLOGY l ANALYSIS ARTICLE 

© 2021 Discovery Scientific Society. All Rights Reserved. ISSN 2394–3750  EISSN 2394–3769 l OPEN ACCESS 

P
ag

e3
3
 

violently but carefully. The mixture was left to stand for 30minutes, and then 100ml of distilled water was added to increase the 

volume, following which eight (8) drops of ferroin indicator was added. The content was titrated using 0.5N ferrous sulphate to 

obtain a wine red or dirty brown end-point. A blank titration was done alongside with the sample but without sample.  

 

Percentage Nitrogen Determination (Macro Kjeldahl Method) 

One gram of soil was weighed into 250ml conical flask and a catalyst tablet was added then, 20ml of conc. H2SO4 extracted was 

added violently but carefully. A bent-tailed funnel was placed at the mouth of the flask. The mixture was heated for 3 hours to 

digest till the mixture was clear. The digest was allowed to cool and the content poured into 100ml volumetric flask then made up 

to mark. To distil, 10ml aliquot was taken into 500ml Kjeldahl flask and 30ml of distilled water was added followed by 15ml of 40% 

NaOH (excess). Heat was applied and the distillate was trapped using 5ml boric acid (4%) containing mixed indicators (methyl 

orange and bromocresol green), then 30ml distillate collected and titrated using 0.1N HCl (Bremner, 1996). 

 

Determination of Phosphorus  

5g of soil sample was weighed into 250ml plastic soil shaking bottle and 30ml of 1M ammonium fluoride (NH4F) was shaken for 1 

minute and filtered using whatmann filter paper into 100ml sample bottle. Phosphorus was determined using colorimetric method 

using the molybdate-ascorbic acid method and absorbance was measured at 882nm wavelength (Murphy and Riley, 1962). 

 

Statistical Analysis 

Investigations were carried out in triplicate (n=3), and data were presented as mean ± standard error of mean (SEM) using 

descriptive statistics. One-way Analysis of Variance (ANOVA) was used to compare mean difference between samples and least 

significant difference. 

 

RESULTS 

TABLE 1: Growth of Maize over a Period of Four Weeks 

WEEK 1 

GROUPS A B C D E 

Plant  height (cm) 35.2 ±  2.40c 29.1± 4.33a 36.0±1.00c 29.6 ± 1.09b 29.0 ± 2.81a 

Number of  leaves 4.0 ±  0.99b 3.0  ± 0.00a 4.0  ±  0.78b 4.0 ±  1.11b 2.9 ±  1.90a 

Leaf  width (cm) 3.6 ±  0.10b 4.9  ± 0.91c 1.9  ± 0.00a 1.9 ±  0.09a 1.8  ± 0.11a 

Leaf  length (cm) 31.0 ±  1.10b 36.2 ±  1.33d 32.1  ± 1.73c 31.0  ±  0.00b 19.2  ± 1.00a 

Shoot  length (cm) 15.1 ±  1.00b 15.7  ± 1.90b 15.9  ±  1.04b 14.2 ±  0.53a 14.0 ±  0.00a 

Root  length (cm) 30.0 ±  0.05e 29.3 ± 1.00d 26.7 ±  1.85b 21.6 ± 6.00c 20.9 ± 0.00a 

Girth (cm) 4.1 ± 0.00d 3.7 ± 0.03c 1.9 ± 0.00b 1.8 ± 1.02b 1.4 ± 1.00a 

WEEK 2 

GROUPS A B C D E 

Plant  height (cm) 48.8 ±  3.00c 34.8 ±  1.99b 34.5 ±  5.2b 34.1 ± 1.07b 30.1  ±  1.00a 

Number of  leaves 6.0  ± 0.00c 5.2 ±  0.77b 5.0  ±  0.76b 5.0  ±  0.32b 4.0 ±  0.00a 

Leaf  width (cm) 2.4  ± 0.55c 2.0  ±  6.66b 2.0  ±  0.00b 1.9  ± 0.77b 1.9  ± 0.01a 

Leaf  length (cm) 36.0 ±  0.09c 35.2  ±  8.06b 34.1 ±  2.00d 30.9  ± 1.11a 28.3  ± 0.99a 

Shoot  length (cm) 20.9  ±  5.00d 18.0 ±  0.33c 17.0 ± 2.00b 11.9 ± 0.00a 9.0 ± 0.33a 

Root  length (cm) 33.2 ±  2.00d 32.4 ±  1.11c 32..9 ±  0.11c 30.8 ±  1.90a 30.1  ±  5.00a 

Girth (cm) 1.1 ± 1.66d 1.0 ± 0.22a 1.0 ± 0.02a 1.0 ± 0.09a 1.0 ± 0.00a 

WEEK 3 

GROUPS A B C D E 

Plant  height (cm) 44.0 ±   2.17d 36.8 ± 2.46c 36.1 ± 5.18c 34.9  ± 2.03b 32.6  ± 2.63a 

Number of  leaves 5.0  ±  0.67c 4.0 ±  0.36b 4.0 ±  0.26b 4.0  ± 0.20b 3.0  ± 0.20a 
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Leaf  width (cm) 2.0 ±  0.18d 1.5  ±  0.12b 1.7  ±  0.13c 1.4±  0.06a 1.4  ± 0.05a 

Leaf  length (cm) 37.4 ±  3.85c 38.3 ±  3.08d 41.1  ±  2.35e 33.7  ±  2.34b 30.5 ±  3.13a 

Shoot  length (cm) 19.0  ± 1.22c 20.5 ±   1.91d 21.1 ±0.57d,e 16.3  ± 0.69b 15.3  ± 0.90a 

Root  length (cm) 29.4 ±  3.17b 38.5 ±  2.46a 38.9 ±  2.00a 25.8 ±  2.94c 38.3  ± 3.30a 

Girth (cm) 3.0 ± 0.18d 1.5 ± 0.15b 1.8 ± 0.20c 1.5 ± 0.12b 1.4 ± 0.12a 

WEEK 4 

GROUPS A B C D E 

Plant  height (cm) 50.3±  5.00e 44.9 ±  2.66c 48.0 ±   8.11d 40.4  ±  0.0b 39.0  ±  2.9a 

Number of  leaves 8.0 ± 0.00c 8.0  ±  0.10c 3.0 ±   3.00a 5.0 ±  0.00b 3.0  ±  0.01a 

Leaf  width (cm) 4.1 ±  2.01e 3.2  ± 1.99d 3.2  ±  1.29c 2.9  ±  0.20b 1.5  ±  0.07a 

Leaf  length (cm) 50.9 ±  2.22e 39.0 ±   2.82c 44.2 ±  1.00d 49.1 ±  4.22d 39.1  ±  2.39a 

Shoot  length (cm) 30.1 ±  3.22e 29.4 ±  0.00d 18.0  ±  1.99c 13.2  ± 3.22b 11.3  ±  1.22a 

Root  length (cm) 29.9 ±0.00c 25.0  ± 1.88d 30.1 ±2.10e 21.2  ± 1.92b 19.2  ± 1.00a 

Girth (cm) 1.2 ± 1.22e 1.1 ± 1.12c 1.1 ± 1.20d 1.0 ± 1.00b 1.0 ± 0.00a 

1All unit are expressed in cm 

 

TABLE 2  

Plant Biomass 

WEEKS A B C D E 

WEEK 1 1.22 ± 1.99d 1.34 ± 2.80e 1.20 ± 1.24c 0.99 ± 0.22b 0.78 ± 2.00a 

WEEK 2 1.11. ± 1.18d 1.12 ± 0.00e 1.10 ± 1.13c 1.00 ± 1.00b 1.00 ± 0.00a 

WEEK 3 3.50 ± 0.22e 3.22 ± 1.00d 2.99 ± 1.67c 1.22 ± 1.00b 1.00 ± 0.99a 

WEEK 4 3.00 ± 3.00e 2.88± 1.00d 2.12 ± 1.33c 1.83 ± 1.12b 1.22. ± 1.11a 

1All units are expressed in grams (g) 

 

TABLE 3 

Soil Analysis 

SOIL pH 
Organic Carbon 

(%) 

Organic Matter 

(%) 
Total N (%) Phosphate Calcium 

A  5.2 ± 0.6c 2.11 ± 1.22e 1.00 ± 2.05d 0.001 ± 0.000b1 1.11 ± 0.22e 131.00 ± 0.00d 

B 5.6. ± 0.0c 1.29 ± 1.11b 0.33 ± 0.11b 0.002 ± 0.002b 0.92 ± 1.50b 130.10 ± 0.00c 

C 6.7 ± 1.0b 1.36 ± 0.02d 0.99 ± 0.00c 0.011 ± 0.000c 1.07 ± 0.11d 139.30 ± 0.00e 

D 6.9 ± 0.5b 1.30 ± 0.22c 2.32 ± 0.00e 0.017 ± 0.000d 1.00 ± 1.00c 129.11±19.21b 

E 6.1 ± 0.7a 1.22 ± 0.01a 0.99 ± 1.01a 0.000 ± 0.003a 0.90 ± 0.22a 120.10 ± 3.20a 

SOIL Mg Na K Pb Cd Ni 

A 13.22 ± 0.25d 150.00 ± 2.00e 119.10 ±9.20b 1.09 ±1.22e 1.15 ± 1.00e 2.40 ± 2.00e 

B 12.10 ± 0.01c 131.30 ± 2.51d 122.22± 1.22d 1.08 ± 2.11d 0.13 ± 0.00c 2.33 ± 1.25c 

C 12.00 ± 0.11b 132.00±22.10c 130.29± 1.00e 0.09 ± 1.00b 1.10 ± 1.00c 2.39 ± 0.00d 

D 19.75 ± 4.55c 132.00 ±19.00b 120.00± 1.01c 1.00 ± 1.00c 1.01 ± 0.02b 1.20 ± 1.01b 

E 11.00 ± 1.00a 130.22±42.10a 111.10± 2.10a 0.05 ± 1.11a 1.00 ± 9.01a 1.00 ± 1.90a 

1All units are expressed in mg/kg except otherwise stated 

 

DISCUSSION 

In this present study, the results shown in Table 1 for the growth of maize over a period of four weeks indicate a significant increase 

(p>0.05) in the growth parameters (Plant height, Number of leaves, Leaf width, Leaf length, Shoot length, Root length and Girth) 

between the various groups during the period. There was an appreciable increase in growth of the seeds in the soil of the different 

samples than that of the control from week one to week four. This can be attributed to the non-inhibitory properties of cassava 

waste peels on the growth of maize seedlings as described by (Ikpe et al., 2009) who observed similar effects on Pennisetum 
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americanum and Sorghum bicolor.  

Biomass can be described as plant or animal materials used for energy production, heat production or in various industrial 

processes as raw materials for a range of products (Ur-Rehman et al., 2016). In this study, the effect of cassava waste peel on the 

biomass production of the experimental plant is shown in Table 2. There was a significant decrease (p>0.05) in the values of maize 

seeds grown on the sample collected 100metres away from the site of cassava heap (group E), when compared with the rest groups 

(A, B, C and D) starting from week one to week four. This result implies a possible economic value of cassava waste peel in the 

production of maize biomass as suggested by (Kayunyal et al., 1994). 

Plant growth is influenced by the physical, chemical and biological properties of the soil, hence understanding soil properties is 

essential for nutrient planning and land-use decisions (Brady and Weil, 1999). The present result obtained from the soil analysis 

carried out as shown in Table 3a indicates that there was no significant difference (p>0.05) between the soil pH of the various 

samples, and also they are below 7.0 which signifies that they are acidic. This no doubt is due to the high concentration of hydrogen 

cyanide present in the cassava waste peels of the soil samples as described by (Ogboghodo et al., 2001). The occurrence of heavy 

metals in soil may be beneficial or toxic to the environment; hence excess of metals may produce some common effects of individual 

metals on different plants. The biota may require some of these elements in trace quantities, but at higher concentrations there may 

be toxicity problems (Brown and Jones, 1975; Foy et al., 1978). Results shown in Table 3b revealed a significant increase (p>0.05) in 

values of the exchangeable bases (Na, Ca, Mg, K, Pb, Ni and Cd) and other soil nutrients (organic carbon, organic matter, 

phosphorus and total nitrogen) of the samples of groups A, B, C and D when compared with group E. These results can be linked to 

the discharge of cassava waste peels on the samples which led to the acidic nature and increase in the microbial population of the 

soil due to the available nutrients. This is in accordance with the study of (Nwabueze and Odunsi, 2007).  

 

CONCLUSION 

The overall aim of this research is to evaluate the beneficial implications of cassava (Manihot esculanta crantz) waste peels on the 

growth parameters, biomass activities and soil analysis of maize (Zea mays) seedlings. Viable maize seeds were cultivated in 

perforated polythene bags containing 4kg of soil samples. A total of 50 bags were used with each soil sample having 10 bags each. 

Five (5) different groups of soil samples (A, B, C, D and E) were represented with seven (7) seeds in each planted in a depth of 1-

2cm and well watered daily with about 200-400ml of water throughout the period of the experiment depending on the texture of the 

soil. The maize plants were grown for four weeks and were subjected to the same atmospheric condition in the Green House 

located at the premises of Metro Research and Biotechnology Africa, Benin City, Edo State. 

Results obtained for the growth and biomass production of maize plant over a period of four weeks indicate that the values of 

the parameters of the treated soil sample groups A, B, C and D were higher than that of the group E (control) which means that 

cassava waste peels have a non-inhibitory effect on the growth of seeds of the samples. It also suggests that cassava waste peels can 

bring about possible economic value in the production of maize biomass. The acidic nature of the soil pH of the various soil 

samples is due to the high concentration of hydrogen cyanide present in the samples. Also the increase in values of the soil 

nutrients (organic carbon, organic matter, phosphorus, total nitrogen) and exchangeable bases (Na, Ca, Mg, K, Pb, Ni and Cd) of the 

sample groups when compared with the control indicates the posssible discharge of cassava waste peels on the soil samples which 

led to increase in microbial population of the soil. 

Finally it is believed that the effluent from cassava processing site/plant when discharged on agricultural land causes biological 

and physiochemical changes as well increase in growth rate and biomass activities in the soil. 

 

Significant Statement 

This study has successfully provided an insight on the impact of cassava wastes such as cassava peels on soil quality and 

vegetation. The study has presented data which suggests possible economic value of cassava waste peel in the production of maize 

biomass. 
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